overcome, the improved JPM has grown progressively more complicated and difficult to 147 implement.
148
In summary, determining the return periods of extreme sea levels is a difficult task, which 149 entails a significant uncertainty. Significant efforts to address this problem have led to the 150 development and improvement of many methods, with varying degrees of complexity. A 151 consensus on the best method or methods remains to be reached. determined by a regression analysis of the annual means of the measured data. Higher 165 order approximations to the mean sea level dependence on time can easily by adopted.
166
 (tide) is the tidal signal. Tidal constituents are determined through a harmonic analysis of 167 the long-term time series. The tidal signal can then be reconstructed for any given year by 168 harmonic synthesis, given the appropriate nodal factors.
169
 (tide/surge) represents the average interaction between tide and surge. This term will be 170 neglected for the time being, and its evaluation will be discussed in Section 2.5.
171
 (residual) includes all other factors and is thus computed as the difference between the 172 observed elevation and the previous terms.
173
The approach proceeds as follows. First, the yearly mean sea level is determined and 174 modeled through a regression function (see Figure 2 for an example for the Brest station). The 175 tidal constituents are determined next by harmonic analysis of the whole series. Finally, hourly 176 residuals are obtained by subtracting the long-term trend and the tidal synthesis from the data.
177
If required, these residuals may be split in distinct components, as will be detailed below. In a 2) the hourly residuals obtained previously, for a user-selected set of years. If these residuals 184 are further split into different components, these are varied independently as well.
185
3) the phase lag between the synthesized tide and the observed residuals. This phase lag, (15 days). Tide-surge interactions can also be included in the method, as illustrated below.
212
The major limitation of the method is that it cannot assume storm surges higher than the ones 213 present in the input data. 
2.3Method assessment

215
The new method is compared to the AMAX method with a GEV distribution by Fortunato et al.
216
(2013) and to JPM by Lopes and Dias (2015 
235
change significantly, in particular for the 1000 year return period (dashed lines in Figure 3b ).
236
These results indicate that the analysis should preferably be restricted to return periods of 100 237 years or less. However, because extremes associated with 1000 year return periods are often 238 required for management purposes, they were also included in this study.
239
The return periods obtained with the new method were compared with the application of the Based on these results, sets of 41 years were analyzed using a running window approach to uncertainty shown above for this return period, this result cannot be considered significant.
275
Close inspection of Figure 5b further shows that this trend is determined to a large extent by 276 the last three data points in the curve, i.e., the ones that are computed using data from 1987.
277
Hence, this analysis does not support the conclusion of a growth of the extreme sea levels at
278
Brest during the last 150 years, apart from the effect of sea level rise which is excluded from 279 this analysis. This result is consistent with a previous study that found that the increase in sea 280 level extremes is mostly a result of sea level rise (Menendez and Woodworth, 2010) . here as:
301
where t 1 and t 2 are two consecutive times of high water, and t is time. The curves on Figure 6 302 were generated using 131 years of data. If the residual was independent of the tidal phase, highlighting the complexity of this dependence.
308
As a result of this dependence, the average residual varies along the tidal cycle, and this amplitude, although to a lower extent (not shown). Figure 7 shows that, for a particular 313 location, the knowledge on the phase of the tide provides information on the residual.
314
If the tide-surge interactions are strong, the statistical method described above should take 
339
Even though this approach provides a possible way to take tide-surge interaction into account 340 in the determination of extreme sea levels, it must be recognized that it is cumbersome, as the 341 effects of tide-surge interactions on the sea levels vary strongly with the location. Also, the 342 tide-surge interaction could be easily modeled in Brest because the signal is very clear.
343
However, most stations and hindcast databases have much shorter records, which may result 344 in more noisy signals, more difficult to model.
345
For the particular case of Brest, in spite of the wide continental shelf, a macro-tidal range and 346 strong surrounding tidal currents, the effect of tide-surge interactions on extreme sea levels is 347 small. In the Iberian Atlantic coast, these effects have been shown to be very small due to the 348 narrow continental shelf (Fanjul et al., 1998) and will be neglected henceforth. 
362
The coast has many low-lying areas, including sand spits and barrier islands that are 
3.2Model description and application
379
The hydrodynamics were simulated with the community model SELFE (Zhang and Baptista, /s was used. The diffusion coefficient was set to zero. illustrates these results for a return period of 100 years. The harmonic analysis is performed Otherwise, the statistical analysis proceeds as described in Section 2.
513
Results show that extreme sea levels increase significantly from south to north in this rather than coastal stations, which may not be representative of regional levels.
523
The differences between extreme sea levels for return periods of 20 and 1000 years appear 
Summary and conclusions
545
The extreme sea levels along the Iberian Atlantic coast were determined for different return 546 periods using a combination of multi-decadal hindcast simulations of tides and surges with a 18 statistical analysis.
548
The statistical method was validated using 131 years of data from the Brest tide station. The 549 method was extended to take into account tide-surge interactions, and it was shown that the 550 effect of these interactions on extreme sea levels is negligible in the particular area analyzed.
551
Results suggest that with 30-40 years of data, the maximum elevations for return periods 552 below 100 years can be determined with an uncertainty of the order of a few centimeters.
553
The model covers a large portion of the NE Atlantic, and has a resolution of 250 m in the
554
Portuguese shelf. The model was extensively validated for tides, surges and extreme sea 
558
Results provide a detailed picture of the extreme sea levels along the Iberian Atlantic coast.
559
Extreme sea levels grow significantly from south to north, due to the increase in both tidal Spain. These small differences suggest that for many engineering purposes it is sufficient to 564 analyse a single representative return period in these regions.
565
The main limitation of the model is that waves are not modelled, thus wave setup and infra- Figure   584 9d. Two anonymous reviewers are gratefully acknowledged for their constructive criticism.
585
Two possible mechanisms for tide-surge interaction are briefly assessed. For simplicity, we 588 consider a tide and a surge propagating along a continental shelf with a constant depth H.
589
The first mechanism notes that the celerity of the tide can be enhanced or reduced by a shift between the measured and predicted tide translates into residuals. This phase shift can 592 be estimated as:
Where L is the extent of the continental shelf, T is the tidal period, and c=(gH) 0.5 and 
600
Another mechanism of tide-surge interaction is the effect of total water depth on the depth- 
